Anionic surfactant sodium dodecyl sulphat (SDS) was used as wetting agent to prepare citric acid as soluble powder formulation. The prepared formulation showed stability and passed successfully all physico-chemical properties for soluble powder formulations. The insecticidal activity of active ingredient and its formulations were compared with citric acid (SP 90%) that prepared by El-kady (2008) through using non-ionic surfactant against different stages of Aphis craccivora under laboratory conditions.
INTRODUCTION
The cowpea aphid, Aphis craccivora (Koch) is a serious pest of leguminous crop production (El-Ghareeb et al., 2002) , this is by different ways include: nutrient drain which cause direct reduction of plant productivity, transmission of viruses, phytotoxicity as a result of saliva toxins of certain aphid species and excretion of honey dues which attract saprophytic fungi, which cover the leaf surface and accelerate the ageing of leaves (Schepers, 1988) . Many growers, aware of the legume aphid's role in disease transmission, spray insecticides even where aphid densities are relatively low (Johnson et al., 1989) . Research on alternative nature measures to chemical control has increased because aphicidal treatments have become unreliable and expensive (Hardes and Ainsworth, 1993) .
The successful use of any active ingredient depends on its correct formulation into a preparation which can be applied for crop protection with safety to those applying materials to animal life and to the environment. In general, formulation plays an important role in spread over a very large area. Also, it facilitates penetration of the active ingredient to reach its target and achieve its action.
Soluble powder formulations "SP" are the simplest formulation, the pesticide which can be formulated, is limited by solubility and hydrolytic properties (FAO, WHO Meeting, 2002) .
The purpose of this work is to formulate of an organic acid (citric acid) as SP formulation and testing the efficiency of those formulations against cowpea aphid.
MATERIAL AND METHODS A) Tested chemical:
a-Citric acid (2-hydroxy propane 1,2,3-tricarboxylic acid, molecular weight (192.193 mg/mol) that were supplied by El-Gomhoria Co., Cairo, Egypt. b-Citric acid (SP 90%) that used tween 20 as wetting agent according to El-kady (2008) . c-Surface active agent, Anionic surfactant sodium dodecyl sulphate (SDS). considered as approximate guide to its hydrophilic-lipophilie balance (HLP) ( Lynch and Griffin, 1974) . 2-Cirtical micelle concentration (CMC). CMC is the concentration at which the surface tension of the solution does not decrease with further increase in surface concentrations. CMC of tested surfactant was determined according to Osipow (1964 (Nelson and Fiero, 1954) . The solubility was calculated according to equation: % solubility= w/v x 100 (where; w: active ingredient weight, V: volume of solvent required for complete solubility).
C) Preparation of soluble powder formulations:
This type of formulation is suitable for compounds which are soluble in water.
This formulation was prepared by mixing surfactant with active ingredient in three forms (95% + 5%), (92.5+7.5%) and (90% + 10%) respectively. D) Physico-chemical properties for the prepared soluble powder formulations:
The following physico-chemical properties were determined for the above three mixtures of the prepared formulation before and after heat storage (54 +2 o C) for three days. 1-Surface tension: the SP's should have low surface tension when diluted with water for achieving wettability and spreading on treated surface which is irreversibly correlated to surface tension value. The surface tension was determined as mentioned before. 2-Solubility: It was determined as mentioned before.
3-Free acidity or alkalinity: It was determined as mentioned before. E) Bioassay: The slide-dip technique assay as described by Harlow and Lampert (1990) was used to evaluate the insecticidal activity of active ingredient (citric acid) and their formulations against bean aphid stages.
All stages were transferred by a fine paint brush. Insects were first gently touched with the brush to withdraw their proboscis from leaves, than were transferred and affixed to double faced scotch tape tuck tightly to slide on their dorsal part of the body. The slides were then dipped into active ingredient solution and their formulation for 10 seconds and excess solution of alternative or their formulations were taken off with filter paper. Three slides (30 aphids) were used for each of the concentrations.
Mortality percentage was recorded 2, 4, 6 and 12 hours after treatment based on the lack of antennae and leg movement upon probing with a fine artist's paint brush.
F) Statistical analysis:
Correction of mortality, LC 50 , confidence intervals, and slops were determined using software package "LD-P line", copyright of Dr. Ihab. M. Baker, Plant Protection Research Institute, Egypt. Increasing in effectiveness of active ingredient as resulting to formulation was determined using El-kady formula (2008): EC 50 of active ingredient -EC 50 of formulation / EC 50 of active ingredient
RESULTS AND DISCUSSION

A) Evaluation of insecticidal effect of citric acid as active ingredients against different stages of Aphis craccivora:
As found in table (1) citric acid showed effectiveness against all tested stages of A. craccivora. Under all exposure periods this effectiveness was noticed as no or slight effect after 2 hours and increased gradually to give highly effectiveness after 12 hrs. Depending on LC 50 values, the tested compounds were more effective against nymphs, followed by adult and then winged stages at all exposure periods. LC 50 and slope values of tested compound changed from exposure period to other, also from tested stage to other. Table ( 2) showed that the active ingredient of citric acid was insoluble in xylene where showed highly solubility in water (100%) and low solubility in acetone (11.1%). According to FAO, WHO Meeting (2002) on pesticides specification, the pesticide which can be formulated is limited by solubility and hydrolytic, therefore, solubility powder formulation is suitable form for the tested material. Also, the active ingredient of citric acid compound was acidic. The % free acidity was 45.6. 2) Physico-chemical properties of surface active agent.
As shown in table (3) anionic surfactants SDS was soluble in water and not soluble in acetone and xylene, also it have HLB value > 13 so, it could be considered as detergent because they are complete soluble in water where as here CMC value was 0.3% and possess a low surface tension 30.3 dyne/Cm for above results be concluded that, the SDS is suitable as wetting agent to prepare the soluble powder formulations. Surfactants applied to soluble powder will reduce the surface tension of spray droplets that spread over treated surface providing more coverage for toxicant by decreasing contact angle of spray on solid surface (El-Sisi, 1985) .
3) Physico-chemical properties of spray solution for the locally prepared sp formulation.
In table (4) the mixture of active ingredient (citric acid) and SDS gave low surface tension when diluted at 0.5% in water. Also surface tension, decreased by increasing the concentration of surfactant. Many researchers have observed the lack of correlation between surface tension and wetting characteristics of formulations and their performance ( Parr and Norman, 1965 , Hull et al., 1982 and Sand and Bachelard, 1973 ingredient and SDS should be used since it improved spreading wet ability and retention of sprayed solution. Bioactivity increases while surface tension of sprayed solution decreased (Osipow, 1964) . Also all prepared sp formulation is completely soluble in water without any sedimentation, and this sp gave clear solution when added to water.
According to data presented in table (5), no changes were found in solubility, sedimentation and free acidity of the prepared SP formulation before and after heat storage. According to Anonyomous (1973) , no any precipitation or flocculating should be occurred when SP diluted with water at field application rate. According to data presented in table (6), generally the effectiveness of citric acid as SP formulations increased against all tested stages of A. craccivora compared with effectiveness of active ingredient alone.
This indication may be due to the role wetting agents that reduced the surface tension of spray droplet that spread on the body surface in insect stage providing more coverage for toxicant by decreasing contact angle of spray drops on body surface, with other view wetting agent may be facilitate the penetration of active ingredient to reach its target and achieve its action. On the other hand, the effectiveness of the tested formulations depended on the type of wetting agent (Anionic or nonionic), treated stage and exposure periods as follow:-
1) Type of wetting agent:
Depending on LC 50 values citric acid was more effective against nymph when SDS was as wetting agent in their formulations than tween 20 after 2 and 4 hours, also the same indication was noticed in case of winged after 4,6 and 12 hours. On contrast citric acid was more effective against adult when tween 20 was as wetting agent in their formulation after 4, 6 and 12 hours. This indication may be due to nature of wetting agent influencing on pesticidal activity. The ability of a surfactant to reduce surface tension depends on the hydrophilic-hydrophobic relationships and the propensity of molecules to arrange them selves as the interfaces of different phases (i.e. between the droplet and air and or between the droplet and treated surface) (Mukerjee and Mysels, 1971 Insecticidal activity of citric acid and its soluble powder formulations against A. craccivora 11
b) Testes stages:
The effectiveness of tested formulations changed from stage to another. Generally tested formulations of active ingredient was more effective against nymph followed by adult and then winged, this indication may be due to sensitivity of each stage that depended on morphological and physiological factors of each stage.
c) Exposure periods:
Generally, the effectiveness of tested to formulations increased by increasing the exposure periods, this indication may be due to the mode of action of this compounds. These results agree with data obtained by El-kady 2008.
The increasing in effectiveness of active ingredient as resulting to formulation was tabulated in table (7) the obtained data indicated that formulation increased the effectiveness of citric acid to reach 100% mortality after 4 hours in case of nymph with two tested formulation C 1 and C 2 . On the other hand, the increasing in effectiveness of active ingredient was 95.2 and 99.7 in case of C 1 and C 2 formulation against adult where as it was 99.3 and 98.9 in case of C 1 and C 2 formulations against winged. 
